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Introduction
In the most recent yeast monograph, the genus Pichia comprised as many as 91 species ; many novel species have been proposed since then. Recently, on the basis of phylogenetic analysis of gene sequences, a number of genera have been proposed to accommodate various Pichia species. Ogataea was proposed for methylotrophic species of Pichia by Yamada et al. (1994) ; and it was accepted later with description of many novel species (Morais et al., 2004; Suh et al., 2006; Peter et al., 2007a, b; Limtong et al., 2008; Nakase et al., 2008) . The other novel genera assigned for Pichia species are as follows: Komagataella was proposed for Pichia pastoris (Yamada et al., 1995a) , Kuraishia for Pichia capsulata (Yamada et al., 1994) , Nakazawaea for Pichia holstii (Yamada et al., 1994) , Kodamaea for Pichia ohmeri (Yamada et al., 1995b) and Kregervanrija for Pichia fluxuum (Kurtzman, 2006) .
Recently, Kurtzman et al. (2008) reassigned species in five genera, including two existing genera, Pichia and Starmera, and three newly proposed genera, Barnettozyma, Lindnera and Wickerhamomyces, for the species previously classified in the genera Pichia, Issatchenkia, Starmera and Williopsis on the basis of nucleotide sequence divergence in the genes for large-subunit (LSU) and small-subunit (SSU) rRNA, and for elongation factor-1a. From this new assignment, the genus Pichia exists for phylogenetically related species around Pichia membranifaciens and the species formerly assigned to the genus Issatchenkia. Seventeen Pichia species were transferred to the genus Wickerhamomyces, including the former Pichia anomala, Pichia ciferrii, Pichia lynferdii, Pichia subpelliculosa and Pichia sydowiorum (Kurtzman et al., 2008) .
An investigation of yeasts in soil collected from a mixed deciduous forest in Amphoe Wang Nam Khiao, Nakhon Ratchasima province, Thailand, was carried out. Identification of 51 strains on the basis of comparison of sequences of the D1/D2 domain of the LSU rRNA gene revealed that 40 strains were identified to be 19 described ascomycetous yeast species. They were Candida amphixiae, Candida glabrata, Candida natalensis, Candida nivariensis, Candida orthopsilosis, Candida parapsilosis, Debaryomyces nepalensis, Debaryomyces pseudopolymorphus, Debaryomyces vanrijiae var. vanrijiae, Hanseniaspora occidentalis, Pichia caribbica, Pichia galeiformis, Pichia kudriavzevii, Pichia terricola, Kodamaea ohmeri, Wickerhamomyces anomalus, Wickerhamomyces mucosus, Wickerhamomyces sydowiorum and Saccharomycopsis crataegensis. The remaining strains were found to represent nondescribed and/or novel species. Two of these strains have previously been reported as one novel species, Kazachstania siamensis (Limtong et al., 2007) . In this paper, strains S-29 T , S-63 and S-80 are described as a novel species of the genus Wickerhamomyces, Wickerhamomyces edaphicus sp. nov., and strain S-75
T is described as a novel species of the genus Pichia, Pichia jaroonii sp. nov.
Materials and methods

Yeast isolation
Yeasts were isolated from soil samples using an enrichment technique in yeast extract-malt extract (YM) broth (0.3% yeast extract, 0.3% malt extract, 0.5% peptone, 1% glucose; adjusted to pH 3.7-3.8 with 1 M HCl) supplemented with 0.025% sodium propionate and 200 mg chloramphenicol L
À1
as described previously by Limtong et al. (2007) .
DNA sequence and phylogenetic analysis
Methods for DNA isolation, amplification of the D1/D2 domain of the LSU rRNA gene and the SSU rRNA gene by PCR and sequencing with the ABI BigDye Terminator Cycle Sequencing kit version 3.1 (Applied Biosystems) using an ABI PRISM 3100 automated DNA sequencer (Applied Biosystems) were described previously (Limtong et al., 2007) . The sequence of the internal transcribed spacer (ITS) (ITS1-5.8S rRNA gene-ITS2) was amplified and cycle-sequenced with primers, ITS1 and ITS4, following the method of White et al. (1990) . The sequences were compared pairwise using BLASTN homology search (Altschul et al., 1997) and were aligned with the sequences of related species retrieved from GenBank using the multiple alignment program CLUSTAL_X version 1.81 (Thompson et al., 1997) . A phylogenetic tree was constructed from the evolutionary distance data with Kimura's two-parameter correction (Kimura, 1980) using the neighbor-joining method (Saitou & Nei, 1987) . Confidence limits for the phylogenetic tree were estimated from bootstrap analysis (1000 replicates) (Felsenstein, 1985) .
The sequences obtained were deposited at GenBank/ EMBL/DDBJ. The accession numbers for the D1/D2 domain of the LSU rRNA gene sequences of S-29 
Yeast characterization
The strains of novel species were characterized morphologically, physiologically and biochemically using standard methods described by Yarrow (1998) . Assimilation of nitrogen compounds was examined on solid media with starved inocula according to the method of Nakase & Suzuki (1986) . Growth at various temperatures was determined by cultivation in YM broth using a water bath. Ubiquinones were extracted from cells cultivated in YPD broth on a rotary shaker at 28 1C for 24-48 h and purified according to the method described by Yamada & Kondo (1973) and Kuraishi et al. (1985) . Isoprenologues were identified as described previously (Limtong et al., 2007) .
Results and discussion
Phylogenetic analysis
The sequences of the D1/D2 domain of the LSU rRNA gene of strains S-29
T and S-63 were identical and differed from strain S-80 by only 2 nt substitutions and two gaps out of 567 nt. In the phylogenetic tree based on the D1/D2 domain of the LSU rRNA gene sequences, the three strains were clustered together in a separate branch and were placed in the Wickerhamomyces clade (Fig. 1) . In terms of pairwise sequence similarity with their closely related species, the three strains showed 1.6% and 2.5% divergence (5 nt substitutions and four gaps out of 571 nt, and 8 nt substitutions and six gaps out of 571 nt, respectively) from the type strain of Wickerhamomyces subpelliculosus and by 1.9% and 2.8% divergence (5 nt substitutions and six gaps out of 571 nt, and 8 nt substitutions and eight gaps out of 571 nt, respectively) from the type strain of Pichia (Wickerhamomyces clade) myanmarensis. Kurtzman & Robnett (1998) indicated that yeast strains showing nucleotide substitutions 4 1% in the D1/D2 domain of the LSU rRNA gene usually represent different species, but two of the three strains showed lower than this value; therefore, they were further analyzed. The SSU rRNA gene sequences of the three strains were identical and differed from their close relatives, W. subpelliculosus and P. myanmarensis, by 24 nt substitutions and one gap out of 1666 nt, and 25 nt substitutions and two gaps out of 1752 nt, respectively (data not shown). The sequence of the ITS region of strain S-29 T differed from the other two strains, S-63 and S-80, which had identical sequences, by only 1 nt substitution and two gaps out of 634 nt. Their sequences of the ITS region differed from Wickerhamomyces subpelliculosa by 42-44 nt substitutions and 20-22 gaps out of 652 nt (data not shown). Accordingly, the three strains represented a single, novel, phylogenetically distinct species.
The D1/D2 domain of the LSU rRNA gene sequence of strain S-75 T differed from the type strain of Candida rugopelliculosa, the closest species in terms of pairwise sequence similarity, by 6% (33 nt substitutions and one gap out of 560 nt) indicating that strain S-75 represents a novel species. In the phylogenetic tree based on the D1/D2 domain of the LSU rRNA gene further demonstrated that strain S-75 was located at a position distant from C. rugopelliculosa and the other related species (Fig. 2) .
Phenotypic characteristics
Strains S-29 T , S-63, S-80 and S-75 T proliferated by multilateral budding (Figs 3 and 4) , lacked arthroconidia and ballistoconidia, were negative for Diazonium blue B color and urease reactions and had Q-7 as the major ubiquinone. Strains S-29 T , S-63 and S-80 formed one to four hat-shaped ascospores in a persistent ascus (Fig. 3) , while strain S-75 T formed four hat-shaped ascospores in a deliquescent ascus (Fig. 4) that may be produced parthenogenetically or by conjugation between independent cells. On the basis of morphological, biochemical, physiological and chemotaxonomic characteristics, and the sequence analyses of the D1/D2 domain of the LSU rRNA gene, SSU rRNA gene and ITS region, we concluded that strains S-29 T , S-63 and S-80 represent one novel species of Wickerhamomyces, and the name W. edaphicus sp. nov. is proposed. On the basis of phenotypic characteristics and the sequence analyses of the D1/D2 domain of the LSU rRNA gene, strain S-75 T was concluded to be a novel species of the genus Pichia, and the name P. jaroonii sp. nov. is assigned for it.
Wickerhamomyces edaphicus sp. nov. can be distinguished from W. subpelliculosus and P. myanmarensis, its close phylogenetic relatives, by some phenotypic characteristics shown in Table 1 . Pichia jaroonii sp. nov. is separated from C. rugopelliculosa, its closest phylogenetic relative, by its ability of ascospore formation and glycerol assimilation, and inability of D-glucono-1-5-lactone assimilation and growth in vitamin-free medium.
Wickerhamomyces lynferdii CBS 6695 T (U74595)
Wickerhamomyces subpelliculosus CBS 5767 T (U74593)
Wickerhamomyces sydowiorum CBS 5995 T (U74594)
Wickerhamomyces anomalus CBS 5759 T (U74592)
Pichia myanmarensis CBS 9786T (AB126678) , S-63 and S-80) with respect to closely related species. The phylogenetic tree was constructed from the evolutionary distance data with Kimura's two-parameter correction (Kimura, 1980) using the neighbor-joining method. Numbers indicate percentages of bootstrap sampling, derived from 1000 samples. Novel species in this study are shown in bold.
Wickerhamomyces edaphicus S-29 T (AB436763)
Wickerhamomyces edaphicus S-63 (AB436764)
Wickerhamomyces edaphicus S-80 (AB436765)
Wickerhamomyces ciferrii CBS 111T (U74587)
Saccharomyces cerevisiae CBS 1171 T (U44806)
Latin diagnosis of W. edaphicus Limtong, Yongmanitchai, Kawasaki et Fujiyama sp. nov.
In agaro YM post dies 3 ad 28 1C cellulae globosae aut ovoideae (3-5 Â 3-5 mm), singulae, aut binae, per germinationem multipolarem reproducentes. Cultura albida, butyrosa, convexa, margine glabra vel semiundulata. In medio liquido YM post dies 3 ad 28 1C repens pellicula formatur.
In agaro YM post dies 7 ad 28 1C pseudohyphae formantur. Arthoconidia et ballistoconidia non formantur. Non deliquescens asci formantur per parthenogenesis vel conjunctio. Ascosporae pileiformes, 1-4 in ascum. Glucosum, D-galactosum (infirme), maltosum (infirme), sucrosum (infirme), et raffinosum (infirme) fermentantur at non trehalosum nec lactosum. Glucosum, D-galactosum, D-ribosum, D-xylosum, L-arabinosum (infirme) (strain S-63 and S-80), L-rhamnosum, ) with respect to closely related species. The phylogenetic tree was constructed from the evolutionary distance data with Kimura's two-parameter correction (Kimura, 1980) using the neighbor-joining method. Numbers indicate percentages of bootstrap sampling, derived from 1000 samples. Novel species in this study are shown in bold. sucrosum, maltosum, trehalosum, a-methyl-D-glucosidum, cellobiosum, salicinum, melibiosum, raffinosum, melezitosum, amylum solubile, glycerolum, erythritolum, ribitolum, D-glucitolum, D-mannitolum, galactilolum (lente: strain S-63 and S-80), acidum D-gluconicum, acidum DL-lacticum, acidum succinicum, acidum citricum, ethanolum, kalium nitricum, natrium nitrosum, ethylaminum, L-lysinum et cadaverinum assimilantur at non L-sorbosum, N-acetyl-D-glucosaminum, L-arabinosum (strain S-29), D-arabinosum, lactosum, inulinum, galactitolum (strain S-29), inositolum, acidum 2-ketogluconicum, acidum 5-ketogluconicum, acidum D-glucuronicum, acidum D-galacturonicum nec methanolum. Vitamina externa crescentiae non necessaria est. Crescere potest (infirme) in temperatura 37 1C at non in 40 1C. Non crescit in 0.01% cycloheximido. Crescit in 50% glucosum, 60% glucosum et 10% NaCl/5% glucosum. Amylum non formatur. Ureum non hydrolysatur. Diazonium caeruleum B non respondens. Ubiquinonum majus: Q-7. After growth on YM agar after 3 days at 28 1C, cells are globose to ovoid (3-5 Â 3-5 mm) and occur singly or in pairs and proliferate by multilateral budding (Fig. 3) . The streak culture on YM agar after 3 days at 28 1C is white, butyrous, dull, convex and has an entire to slightly undulating margin. Growth in YM broth after 3 days at 28 1C forms a creeping pellicle. Pseudohyphae are produced in Dalmau plate culture on YM agar after 7 days at 28 1C (Fig. 3) . Neither arthroconidia nor ballistoconidia are produced. One to four hat-shaped ascospores are formed in a persistent ascus that may be unconjugated or show conjugation between independent cells (Fig. 3) . Ascospores are observed on YM agar after 3 days at 28 1C. Glucose, galactose (weak), maltose (weak), sucrose (weak) and raffinose (weak) are fermented, but a-a-trehalose and lactose are not. Glucose, D-galactose, D-ribose, D-xylose, L-arabinose (weak) (strain S-63 and S-80), L-rhamnose, sucrose, maltose, a-a-trehalose, methyl a-D-glucoside, cellobiose, salicin, melibiose, raffinose, melezitose, soluble starch, glycerol, erythritol, ribitol, D-glucitol, D-mannitol, galactitol (latent: strain S-63 and S-80), D-gluconic acid, DLlactic acid, succinic acid, citric acid, ethanol, potassium nitrate, sodium nitrite, ethylamine HCl, L-lysine HCl and cadaverine are assimilated, but L-sorbose, N-acetyl-D-glucosamine, L-arabinose (strain S-29), D-arabinose, lactose, inulin, galactitol (strain S-29), myo-inositol, 2-ketogluconic acid, 5-ketogluconic acid, D-glucuronic acid, D-galacturonic acid and methanol are not assimilated. Growth in vitamin-free medium is positive. Growth at 37 1C is weakly positive, but at 40 1C is negative. No growth was observed with 0.01% and 0.1% cycloheximide. It grows on medium containing 50% and 60% (w/v) glucose or 10% (w/v) sodium chloride/5% (w/v) glucose. Starch-like compounds are not produced. Diazonium blue B color and urease reactions are negative. The major ubiquinone is Q-7. 
Candida pseudolambica CBS 2063 T (U71063)
Pichia occidentalis CBS 5459 T (U76348)
Pichia scutulata CBS 6670 T (EF550243)
Candida rugopelliculosa CBS 6377 T (U71069)
Pichia jaroonii S-75 T (AB436766)
Candida thaimueangensis CBS 10360 T (AB264009)
Pichia cecembensis CBS 10445 T (AM159112)
Pichia kudriavzevii CBS 5147T (U76347)
Schizosaccharomyces
Etymology
The specific epithet edaphicus (e.da.phi.cus. N.L.masc.adj.) referring to soil, the source of isolation. 
Data for Wickerhamomyces subpelliculosus were taken from and Barnett et al. (2000) . Data for Pichia myanmarensis were taken from Nagatsuka et al. (2005) . 1, positive; À , negative; L, latent; W, week; S, slow. On growth on YM agar after 3 days at 28 1C, cells are ovoid to ellipsoid (2-3 Â 3-7 mm), occur singly or in pairs and proliferate by multilateral budding (Fig. 4) . The streak culture on YM agar after 3 days at 28 1C is cream-colored, butyrous, glistening, raised at center, has a smooth surface and an entire to slightly undulating margin. Growth in YM broth after 3 days at 28 1C produces a creeping pellicle. Pseudohyphae are produced in Dalmau plate culture on YM agar after 14 days at 28 1C (Fig. 4) . Neither arthroconidia nor ballistoconidia are produced. Four hat-shaped ascospores are formed in a deliquescent ascus that may be produced unconjugated or show conjugation between independent cells (Fig. 4) . Ascospores are observed on YM agar after 3 days at 28 1C. Glucose is fermented but galactose, maltose, sucrose, a-a-trehalose, lactose and raffinose are not. Glucose, D-xylose, soluble starch, glycerol, ribitol, D-gluconic acid (latent), DL-lactic 
The specific epithet jaroonii (ja.roo.ni.i N.L.gen.n.) was chosen for this novel species in honor of Dr Jaroon Kumnuanta, who is the pioneer in yeasts research, including taxonomy and fermentation, in Thailand.
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